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PREFACE

Under the authority of the Federal Advisory Committee Act (FACA) P. L. 92-463 of 1972, the National
Advisory Committee to develop Acute Exposure Guideline Levels (AEGLS) has been established to
identify, review and interpret relevant toxicologic and other scientific data and develop AEGL s for high
priority, acutely toxic chemicals.

AEGL s represent ceiling exposure values for the general public and are applicable to emergency exposure
periods ranging from less than 1 hour to 8 hours. Three AEGL s will be developed for each of five
exposure periods (10 minutes, 30 minutes, 1 hour, 4 hours, and 8 hours) and will be distinguished by
varying degrees of severity of toxic effects. The National Advisory Committee believesthat the
recommended exposure levels will be protective of the genera population including sensitive and
susceptible individuals. This classification includes infants and children. The three AEGL s have been
defined as follows:

AEGL-1 isthe airborne concentration (expressed as ppm and mg/m®) of a substance at or above which it is
predicted that the general population, including "susceptible” but excluding "hypersusceptible” individuals,
could experience notable discomfort. Airborne concentrations below AEGL-1 represent exposure levels
that could produce mild odor, taste, or other sensory irritation.

AEGL-2 is the airborne concentration (expressed as ppm and mg/m®) of a substance at or above which it is
predicted that the general population, including "susceptible” but excluding "hypersusceptible” individuals,
could experience irreversible or other serious, long-lasting effects or impaired ability to escape. Airborne
concentrations below AEGL-2 but at or above AEGL-1 represent exposure levels which may cause notable
discomfort.

AEGL-3 is the airborne concentration (expressed as ppm and mg/m®) of a substance at or above which it is
predicted that the general population, including "susceptible” but excluding "hypersusceptible” individuals,
could experience life-threatening effects or death. Airborne concentrations below AEGL-3 but at or above
AEGL -2 represent exposure levels which may cause irreversible or other serious, long-lasting effects or
impaired ability to escape.
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EXECUTIVE SUMMARY

1,1,1,2-Tetrafluoroethane or hydrofluorocarbon-134a (HFC-1344) has been devel oped as a replacement for
fully halogenated chlorofluorocarbons because its residence time in the atmosphere is shorter and its ozone
depleting potential isinsignificant. HFC-134a may be used in refrigeration and air conditioning systems,
as ablowing agent for polyurethane foams, and as a propellant for medical aerosols. Yearly production is
estimated at 175,000 tons.

HFC-134a has a very low acute inhalation toxicity. Its acute inhalation effects have been studied with
human subjects and several animal species including the monkey, dog, rat, and mouse. In addition, studies
addressing repeated and chronic exposures, genotoxicity, carcinogenicity, neurotoxicity, and cardiac
senditization were also available. At high concentrations, hal ogenated hydrocarbons may produce cardiac
arrhythmias; this sensitive endpoint was considered in development of AEGL values.

Adeguate data were available for development of the three AEGL classifications. |nadequate data were
available for determination of the relationship between concentration and time for a fixed effect. Based on
the observations that 1) blood concentrations in humans rapidly approach equilibrium with negligible
metabolism and tissue uptake and 2) the endpoint of cardiac sensitization is a blood concentration-related
threshold phenomenon, derived values for each AEGL classification were flat-lined across time.

The AEGL-1 concentration was based on a 1-hour no-effect concentration of 8000 ppm in human subjects
(Emmen and Hoogendijk, 1998). This concentration was without effects on lung functions, respiratory
parameters, the eyes (irritation), or the heart (cardiac symptoms). Because this concentration is
considerably below that causing any effect in animal studies, an intraspecies uncertainty factor of 1 was
applied. Based on the fact that blood concentrations in this study appeared to be approaching equilibrium
following 55 minutes of exposure and effects are determined by blood concentrations, the value of 8000
ppm was used across al time periods.

The AEGL -2 concentration was based on the no-effect concentration of 40,000 ppm for cardiac
senditization in dogs (Hardy et al., 1991). Because the cardiac sensitization test is supersensitive as the
response to epinephrine is optimized (the epinephrine dose is greater than the physiological level in stressed
animals by up to afactor of ten), a single intraspecies uncertainty factor of 3 was applied to protect
sendgitive individuals. Cardiac sengitization is concentration dependent; duration of exposure does not
influence the concentration at which this effect occurs. Using the reasoning that the concentration is the
determining factor in cardiac sensitization and exposure duration is of lesser importance, the resulting value
of 13,000 ppm is proposed for dl time periods.

The AEGL -3 concentration was based on the concentration of 80,000 which caused marked cardiac effects
but no deathsin dogs (Hardy et al., 1991). Because the cardiac sensitization test is supersensitive as the
response to epinephrine is optimized (the epinephrine dose is greater than the physiological level in stressed
animals by up to afactor of ten), a single intraspecies uncertainty factor of 3 was applied to protect
sendgitive individuals. Cardiac sengitization is concentration dependent; duration of exposure does not
influence the concentration at which this effect occurs. Using the reasoning that the concentration is the
determining factor in cardiac sensitization and exposure duration is of lesser importance, the resulting value
of 27,000 ppm is proposed for dl time periods.

Based on the extensive data base involving both human and animal exposures and use of the most sensitive
endpoint in the studies, confidence in the AEGL vauesis high. Values are summarized in the table below.
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SUMMARY TABLE OF PROPOSED AEGL VALUES

- Endpoint
Classification 10-Minute 30-Minute 1-Hour 4-Hour 8-Hour (Reference)
AEGL-1 8000 ppm 8000 ppm 8000 ppm 8000 ppm 8000 ppm No effects - humans
(34,000 mg/n) (34,000 mg/n) (34,000 mg/n) (34,000 mg/n) (34,000 mg/n) (Emmen and Hoogendijk,
1998)
AEGL-2 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm No effect, cardiac
(55,250 mg/nv) (55,250 mg/nv) (55,250 mg/nv) (55,250 mg/nv) (55,250 mg/nv) sensitization - dogs
(Hardy et d., 1991)
AEGL-3 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm Marked effect, cardiac
(114,750 mg/m?) (114,750 mg/m?) (114,750 mg/m?) (114,750 mg/m?) (114,750 mg/m?) sensitization - dogs

(Hardy et al., 1991)

Emmen, H.H., and E.M.G. Hoogendijk. 1998. Report on an ascending dose safety study comparing HFA-134a with CFC-12 and
air, administered by whole-body exposure to healthy volunteers. MA-250B-82-306, TNO Report VV98.754, The Netherlands
Organization Nutrition and Food Research Institute, Zeist, The Netherlands.

Hardy, C.J., 1.J. Sharman, and G.C. Clark. 1991. Assessment of cardiac sensitisation potential in dogs: comparison of HFA 134a
and A12. Report No. CTL/C/2521. Huntingdon Research Centre, Huntingdon, Cambridgeshire, U.K.
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1. INTRODUCTION

Hydrofluorocarbons (HFCs) are being increasingly substituted for chlorofluorocarbons (CFCs) in industry
because the substitution of hydrogen for halogen in methane and ethane reduces residence timein the
stratosphere compared to completely halogenated compounds and therefore causes less depletion of ozone. The
contribution of radicals formed by the atmospheric degradation of 1,1,1,2-tetrafluoroethane (HFC-134a) to
ozone depletion isinsignificant and its global warming potential is much lower than that of CFCs
(Ravishankara et a., 1994, ECETOC, 1995).

HFC-134a has been developed as a replacement for fully halogenated chlorofluorocarbons and for partially

hal ogenated hydrochlorofluorocarbons. Its primary useisin refrigeration and air conditioning systemsin which
it is used alone or as a component of blends. It has been used or is being considered for use as a blowing agent
for polyurethane foams and is being used as a propellant for medical aerosols (ECETOC, 1995; Harrison et dl.,
1996).

HFC-134ais produced commercialy by 1) the hydrofluorination of trichloroethylene via 1-chloro-1,1,1-
trifluoroethane, 2) isomerization/hydrofluorination of 1,1,2-trichloro-1,2,2-trifluoroethane to 1,1-dichloro-
1,2,2,2-tetrafluoroethane followed by hydrodechlorination, and 3) hydrofluorination of tetrachloroethylene to 1-
chloro-1,2,2,2-tetrafl uoroethane and subsequent hydrodechlorination to tetrafluoroethane (ECETOC 1994). It
is manufactured by 13 companies in the United States: Airso Company, Inc., Neodesha, KS; AlliedSignal Inc.,
Morristown, NJ; Acctech, LLC, Nanuet, NY; Chemtronics, Inc., Kennesaw, GA; E.l. duPont de Nemours &
Co., Inc., Wilmington, DE; Falcon Safety Products, Inc., Somerville, NJ; Hoechst Celanese Corp., Charlotte,
NC; ICI Americas Inc., Wilmington, DE; Miller-Stephenson Chemical Co., Danbury, CT; Texwipe Co., Upper
Saddle River, NJ; Techspray, Amarillo, TX; Valvoline, Inc., Lexington, KY; and Wescor, Inc., Logan, UT
(LMES 1995). World production capacity was estimated at 175,000 tons/year in the early 1990s (ECETOC,
1995). Production is estimated at 300,000 tons/year by 2020.

HFC-134ais a nonflammable colorless gas or liquified gas with afaint ethereal odor. The vapor is heavier
than air and can displace air in confined spaces (ECETOC, 1995). Additiona chemical and physical properties
arelisted in Table 1.

Experimental studies with human subjects and severa mammalian species (monkey, dog, rat, mouse, and
rabbit) were located. Animal studies addressed neurotoxicity, genotoxicity, carcinogenicity, and cardiac
senditization and were conducted over acute, subchronic, and chronic exposure durations.
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TABLE 1. Chemical and Physical Data

Parameter Value Reference
Synonyms HFC-134a ECETOC, 1995,
1,1,1,2-tetrafluoroethane HSDB, 1998
HFA-134a
HCFC 134a
R-134a
Molecular formula CH,F, ECETOC, 1995
Molecular weight 102.03 HSDB, 1998
CAS Registry Number 811-97-2 HSDB, 1998
Physical state gas or liquified gas ECETOC, 1995
Color colorless ECETOC, 1995
Solubility in water lg/L ECETOC, 1995

\Vapor pressure

4730 mm Hg @25°C

HSDB, 1998

Vapor density 3.52 ECETOC, 1995
Melting point -108°C ECETOC, 1995
Boiling point -26°C ECETOC, 1995
Odor faint ethereal ECETOC, 1995
Odor threshold not available

Conversion factors

1 ppm = 4.25 mg/m?
1 mg/m® = 0.24 ppm

ECETOC, 1995

2. HUMAN TOXICITY DATA
2.1. Acute Lethality

Although deaths from exposure to CFCs have occurred during refrigeration repair, use as solvents, and aerosol
propellant use and abuse (Aviate, 1994), no data specific to HFCs were located.

2.2. Nonlethal Toxicity

Eight healthy human volunteers, 4 males and 4 females, ages 20-24, were exposed individualy (whole-body) to
concentrations of 0 (air), 1000, 2000, 4000, or 8000 ppm for one hour in a 13.6 m* room (Emmen and
Hoogendijk, 1998)'. Each subject was exposed to each concentration in a partialy blind ascending order of
concentration. With the exception of one 14-day interval, each exposure was separated by a period of 7 days.
Chlorofluorocarbon-12 was used as a reference compound. Prior to and during exposures, blood pressure and

The protocol was approved by the Medica Ethics Testing Committee of The Netherlands Organization.
Subjects signed an informed consent form.
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cardiac rate and rhythm (EK G) were monitored. Lung function asindicated by peak expiratory flow was
measured before and after exposures. Blood samples were taken prior to, during, and after exposure for
pharmacokinetic data. Clinical chemistry and hematology parameters were aso recorded pre- and
postexposure. The test chemical was vaporized and introduced into the air supply of the exposure chamber via
a caibrated rotameter; the atmospheres were monitored with a gas monitor. Five samples were taken from
each of six locations in the exposure chamber.

Atmospheres were within afew percent of nominal concentrations; the mean oxygen concentration was
~20.5%. No significant or consistent differences were found between air exposure and test chemical exposure
for clinical observations, blood pressure, heart rate, peak expiratory flow, or EKG recordings. During blood
sampling and blood pressure measurements, all subjects showed sinus arrhythmia pre- and postexposure. A
Mohitz type | heart block was present in one subject pre-, during and post-exposure. Medical personnel did not
consider thisarisk and the informed subject completed the study.

CFCs are used as propellants in metered dose inhalers for the treatment of asthma. To that end, HFC-134a has
been tested with human subjects using repeated inhalations. Three studies are cited here as examples of the
direct inhalation from such devices. In a28-day double blind parallel study, two groups of eight healthy non-
smoking male subjects, ages 18-55, inhaled either HFC-134a propellant from a pressurized metered-dose
inhaler (HFC 134a as propellant, ethanol as co-solvent and oleic acid as surfactant) or chlorofluorocarbon
propellants (Harrison et al., 1996). All subjects gave written informed consent. Subjects received either four
inhalations four times per day for 14 days or eight inhalations four times per day for 14 days; after 14 daysthe
subjects were given the aternate propellant. Subjects held their breath for 10 seconds after each inhalation and
waited 30 seconds between inhalations. Blood pressure, heart rate, and EK Gs were recorded; pulmonary
function tests were administered immediately before and 20 minutes after the first exposure on each day; blood
was taken for clinical chemistry at thistime on various days. No clinically significant differences from baseline
occurred in blood pressure, heart rate, EKGs, pulmonary functions, hematology or serum chemistry. One
subject had an elevated eosinophil count throughout the study. The most frequently reported subjective adverse
effect was headache, reported by four subjects in each propellant group. This study followed an earlier study in
which 12 healthy subjects also showed no adverse response to inhaation of HFC-134a (Donnell et al., 1995).
In the earlier study, three subjects reported adverse events of coughing or nausea and vomiting. The
relationship of these events to the dosing is unknown. When radiolabeled HFC-134a was ddlivered by metered
dose inhaers to healthy subjects and patients with severe chronic obstructive pulmonary disease (COPD), there
were no adverse effects as monitored by vital signs, pulmonary function tests, EKG, and liver function and no
symptoms of upper respiratory tract irritation (Ventresca, 1995).

2.3. Developmental/Reproductive Toxicity

No studies were located regarding reproductive or developmental effects in humans after inhalation exposure to
HFC-134a.

2.4. Neurotoxicity
No neurotoxic signs were reported following inhalation exposure to HFC-134a.
2.5. Genotoxicity

No information on genotoxicity in humans was located, In vitro, chromosome aberration assays with human
lymphocytes were negative (Collins et a., 1995).
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2.6. Carcinogenicity
No information on carcinogenicity in humans was located.
2.7. Summary

In a study with human volunteers exposed to concentrations up to 8000 ppm for 1 hour, no effects on lung
function, clinical chemistry, hematology parameters, or heart rate or rhythm were observed. When HFC-134a
was delivered directly to the respiratory tract with metered dose inhaers, no adverse effects as indicated by
clinica signs, respiratory tract irritation, or heart rhythm were reported. The occurrences of headache,
coughing, or nausea in some of the subjects that tested metered dose inhalers are difficult to interpret.

3. ANIMAL TOXICITY DATA
3.1 Acute Lethality

Acute lethality data are summarized in Table 2. The only species tested in these studieswastherat. Intherat,
a 15-minute L Cs, of >800,000 ppm and a 4-hour L Cs, of >500,000 ppm have been reported (Collins, 1984).
The 30-minute LC, was 750,000 ppm (Rissolo and Zapp, 1967). In another study, groups of six rats were
exposed to time-weighted average concentrations of 81,100, 205,200, 359,300, 566,700, 646,700, or 652,700
ppm for 4 hours (Silber and Kennedy, 1979a). The lowest lethal concentration was 566,700 ppm which
resulted in the deaths of five of six rats. Two of six rats exposed to 652,700 ppm also died. Signs observed
during exposures in these studies included |ethargy, rapid respiration, trembling, tearing, foaming at the nose,
pallor, and weight loss during the first 24 hours of the recovery period. Surviving rats appeared normal within
5 minutes after exposures and no abnormalities were present in surviving rats necropsied 14 days postexposure.

TABLE 2. Summary of Acute Lethal Inhalation Data in Laboratory Animals
Species Concentration Exp_osure Effect Reference
(ppm) Time

rat >800,000 15 minutes LC, Callins, 1984

rat 750,000 30 minutes LCy Rissolo and Zapp, 1967

rat 566,700 4 hours lowest lethal Silber and Kennedy, 1979a

concentration
rat >500,000 4 hours LC, Callins, 1984

3.2. Nonlethal Toxicity

Results of acute exposures are summarized in Table 3.

3.2.1. Nonhuman Primates

Exposure to a concentration of 500,000 ppm induced narcosis in rhesus monkeys within 1 minute (Shulman

and Sadove, 1967). Respiratory depression accompanied by multiple premature ventricular contractions
occurred when concentrations exceeded 60%. Blood pressure also increased, but data were not reported.
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3.2.2. Dogs

Concentrations of 700,000 and 800,000 ppm for 3 to 5 hours induced deep anesthesiain dogs, usually within 1
minute (Shulman and Sadove, 1967). Respirations remained spontaneous and blood pressure remained normal.
Light anesthesia was induced at concentrations of 500,000 to 600,000 ppm. Emergence time was usually less
than 2 minutes.

In another study, the effect of HFC-134a on the histamine-induced bronchial constriction of anesthetized male
beagle dogs was studied (Nogami-Itoh et a. 1997). Bronchia constriction in the dogs was induced by the
intravenous administration of histamine. The g2-agonist, salbutamol, in metered dose inhalers was used for
treatment of the constriction. When HFC-134a was tested as the propellant for the salbutamol treatment (1-4
puffs of 100 or 200 ng of the drug), there was no effect of the HFC-134a on the salbutamol treatment
compared to other CFC propellants. HFC-134a added to the formulation had no influence on histamine-
induced bronchoconstriction, blood pressure or heart rate in the anesthetized dogs.

3.2.3. Rats

At 280,000 ppm there was a loss of righting reflex within 10 minutes (10-minute ECs;) (Collins, 1984). Rats
exposed to 205,000 ppm were lethargic and exhibited an increased rate of respiration (Silber and Kennedy,
1979q). At 359,300 ppm, trembling and tearing also occurred. No effect was observed at 81,000 ppm.

Groups of 10 male rats were exposed to concentrations of 0, 10,000, 50,000, or 100,000 ppm for 6 hours/day,
5 days/week, for 2 weeks (Silber and Kennedy, 1979b). Five rats from each group were sacrificed at the end of
the 10th exposure and the remaining five rats per group were sacrificed after a 14-day recovery period. No
treatment related changes in weight gain, hematology parameters, blood chemistry, or organ weights were
observed. An increased incidence of focal interstitial pneumonitis of the lung was the only adverse effect
observed in the groups exposed to 50,000 and 100,000 ppm. The fluoride content of the urine was significantly
increased in the treated rats.

TABLE 3. Summary of Sublethal Effects in Laboratory Animals
Species Concentration Exp_osure Effect Reference
(ppm) Time
monkey 500,000 1 minute narcosis Shulman and Sadove, 1967
dog 500,000 — light anesthesia Shulman and Sadove, 1967
700,000 1 minute deep anesthesia
rat 280,000 10 minutes loss of righting reflex Callins, 1984
rat 81,100 4 hours no effect Silber and Kennedy, 1979a
205,200 4 hours lethargy, rapid respiration
359,300 4 hours lethargy, rapid respiration,
trembling, tearing
mouse 270,000 — EC,,: loss of righting reflex Shulman and Sadove, 1967
500,000 <30 seconds narcosis
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In asimilar study, groups of 16 male and 16 female rats were exposed to concentrations of 0, 1000, 10,000, or
50,000 ppm 6 hours/day for 20 days of a 28-day period (Riley et al., 1979). No trestment-related effects were
observed with regard to body weight, clinical signs, hematology, blood chemistry, urine composition, or
ophthalmoscopy. In this study, changesin liver, kidney, and gonad weights of male ratsin the group exposed
to 50,000 ppm were noted with an increase in liver weight in the 10,000 ppm group aso. In the absence of
pathologica changes in these organs, these weight changes were considered a physiological adaptation to
treatment.

3.2.4. Mice

The ECs, for anesthetic effects measured by the loss of righting reflex was 270,000 ppm (Shulman and Sadove,
1967). At 500,000 ppm, induction time for narcosis was under 30 seconds and emergence time at cessation of
administration was 10 seconds or less. These concentrations "appear(ed) to have no direct toxic effect.”

3.3. Developmental/Reproductive Toxicity

In the 28-day study conducted by Riley et al. (1979), 16 male rats were exposed to HFC-134a at concentrations
of 0, 1000, 10,000, or 50,000 ppm for 6 hours/day, 5 days/week. Rats exposed to 50,000 exhibited decreased
gonad weights. However, in a 13-week study, no effects on male gonad weight were evident (see Section 3.2.3;
Hext, 1989; Collins et a., 1995). In the chronic study (see Section 3.2.3; Collins et a., 1995), Leydig cell
hyperplasia and benign Leydig-cell tumors were reported following exposure to 50,000 ppm for 104 weeks; no
such effects were reported following exposure for 104 weeks to 10,000 ppm.

In a developmental study, Lu and Staples (1981) exposed pregnant CD rats to HFC-134a at concentrations of
30,000, 100,000, or 300,000 ppm for 6 hours/day from days 6 to 15 of gestation. Following exposure of dams
to 300,000 ppm, there was a significant reduction in fetal weight and significant increasesin several skeletal
variations. At 300,000 ppm, signs of maternal toxicity included reduced food consumption, reduced body
weight gain, lack of response to noise stimuli, severe tremors, and uncoordinated movements. Dams exposed to
100,000 ppm showed some signs including reduced response to noise stimuli and uncoordinated movements.
No developmental effects were observed following exposure of dams to 30,000 or 100,000 ppm.

Inasimilar study, Hodge et a. (1979) exposed groups of pregnant rats to HFC-134a at concentrations of O,
1000, 10,000, or 50,000 ppm for 6 hours/day on days 6 to 15 of gestation. No maternal toxicity was evident at
these exposure concentrations, but at 50,000 ppm fetal body weight was significantly reduced and skeletal
ossification was significantly delayed. The 10,000 ppm concentration was a NOEL.

Groups of 28 pregnant New Zealand white rabbits were exposed to concentrations of 0, 2500, 10,000, or
40,000 ppm for 6 hours/day on days 7 through 19 of pregnancy (Collins et al., 1995; Wickramaratne,
1989a,b). Dams were weighed during the study and sacrificed on day 29 of gestation. For each exposure
group, various developmental parameters were compared with the control group: number of corpora lutea,
number of implantations and live fetuses per female, percentage of pre- and postimplantation loss, percentage
of implantations that were early or late intrauterine deaths, gravid uterus weight, litter weight, mean fetal
weight, sex ratio, and percentage of fetuses with major or minor skeletal or visceral defects. No clinical signs
were observed in the does. In the mid- and high-dose exposure groups, dams had a lower rate of body weight
gain than the controls which was partially associated with decreased food consumption. With the exception of
asignificantly increased incidence of unossified seventh-lumbar transverse process in fetuses in the 10,000 and
40,000 ppm groups, al other parameters were similar anong control and treatment groups. However, this
effect was also observed in the control group and was therefore not considered treatment related. Therefore,
there was no adverse developmental or teratogenic effect from exposure to HFC-134a.
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Male and female AHA rats (of both Sprague-Dawley and Wistar origins) were exposed nose only to
concentrations of O (filtered air), 2500, 10,000, or 50,000 ppm of "toxicology" grade HFC-134a (99.3% pure)
for one hour daily throughout gametogenesis, mating, pregnancy, and lactation (Alexander et a., 1996). The
"toxicology" grade of HFC-134a was formulated to contain all likely impurities. In the first part of the study,
groups of 30 male and 30 female rats (F,) were treated prior to mating (10 weeks for males and 3 weeks for
females) and during mating. Treatment continued for males until sacrifice at week 18. Treatment continued
for females until day 19 of pregnancy; 14 females were sacrificed on day 20 and fetuses were examined. The
remaining females were allowed to ddliver litters with no treatment between days 20 and day 1 post partum.

On day 21 post partum, the F, females were sacrificed and examined along with some of their F, progeny.
Selected F, rats were raised to maturity and mated. The survival and physical and functional development of
the F, rats were assessed. Neurotoxicity (locomotor coordination, exploratory activity, and learning activity)
was assessed between 4 and 9 weeks of age. The survival and physical development of the resulting F, progeny
were aso assessed. There were no adverse effects on the fertility of the F, generation and no adverse effects on
the maturation and development of the F, and F, generations. The only treatment-related effect was a dight
reduction in body weight gain of males of the F, generation in the 50,000 ppm group.

In the peri- and post-natal part of the study, groups of 41 female rats were administered concentrations of 1800,
9900, or 64,400 ppm of "toxicologica" grade HFC-134afor 1 hour daily during days 17 to 20 of pregnancy
and days 1 to 21 post partum (Alexander et a., 1996). The protocol was similar to that of the fertility study
above. Females were allowed to litter and rear their young. Selected F, animals were mated; they were
sacrificed on day 20 of pregnancy and the uterine contents were examined. There were no clinical signs or
effects on body weights (), corpora lutea, implants, numbers of live born pups, sex ratio, litter weights, fetal
body weights, or development and survival of the F, generation. There was asmall but significant delay in the
occurrence of pinnae detachment, eye opening and startle response in the F, generation in the 64,400 ppm
group. Therewere no visceral or skeletal abnormalitiesin the F, or F, generations.

3.4. Neurotoxicity

HFC-134a has anesthetic/narcotic action at high concentrations. As reported in Section 3.2, the 10-minute
ECy, for anaesthetic effects in the rat was 280,000 ppm (Collins, 1984) and the ECy, in the mouse was 270,000
ppm (Shulman and Sadove, 1967). At concentrations of ~50% narcosis in dogs, cats, and monkeys takes only
seconds to minutes (Shulman and Sadove, 1967). According to patent information, concentrations of at |east
20% are required to have an aesthetic effect (Larsen, 1966).

In a study with rats involving severa generations, locomotor activity was not affected by repeated treatment of
the dams or young with concentrations up to 64,400 ppm (Alexander et a., 1996). The young were tested
using an accelerating rotarod. Rats and mice were also tested after exposure for 18 months (Alexander et al.,
1995). Rats were exposed to concentrations of 0, 2500, 10,000, or 50,000 ppm for 1 hour daily and mice were
exposed to concentrations of 2500, 15,000, or 75,000 ppm also for 1 hour daily. The animals were examined
on two consecutive days after 18 months of exposure (immediately after exposure on one day and 30 minutes
after trestment on the following day) for effects on the central and/or peripheral nervous system using the
modified Irwin screen test. There were no changes in behavior attributable to treatment.

3.5. Cardiac Sensitization

Mullin and Hartgrove (1979) evaluated the cardiac sensitization potential of HFC-134a with male beagle dogs
(see Section 4.2 for Mechanism of Toxicity). Exposure concentrations were 50,000, 75,000,0r 100,000 ppm.
A fixed dose of epinephrine of 8 .g/kg was used pretest and as the challenge dose after 5 minutes of exposure
to the test chemical. Cardiac responses (heart rate and EK G waves) were monitored with an electrocardiogram
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throughout the experiment. No marked response was observed at an exposure of 50,000 ppm. Two of 10 dogs
exhibited multiple ventricular beats during the exposures to 75,000 ppm and two of four dogs showed marked
responses at 100,000 ppm, one with ventricular fibrillation leading to cardiac arrest.

Hardy et a. (1991) exposed a group of six male beagle dogs to concentrations of 40,000, 80,000, 160,000, or
320,000 ppm. Because the response to epinephrine alone varied among the dogs, the doses were adjusted to
result in afew ectopic beats in the absence of the test chemical. Doses of epinephrine of 2, 4, or 8 ng/kg were
administered. A marked response was considered five or more multifocal ventricular ectopic beats or
ventricular fibrillation. Dogs that had a marked response at one concentration were not tested at higher
concentrations. No cardiac sensitization occurred at 40,000 ppm. Two of six dogs responded at 80,000 ppm
and one of the remaining four dogs (that did not test positive at 80,000 ppm) had convulsions at 160,000 ppm.
Two of the remaining three dogs had marked responses at 320,000 ppm and the third suffered convulsions.
Blood samples were taken just before administration of the second dose of epinephrine. The lowest
concentration of HFC-134a that was associated with cardiac sensitization was 55 n.g/mL.

TABLE 4. Cardiac Sensitization in Dogs
Administered Exogenous Epinephrine?
Concentration Exposure
(ppm) Time Response® Reference

50,000 10 minutes no response (10/10) Mullin and Hartgrove, 1979
75,000 10 minutes marked response (2/10)
100,000 10 minutes marked response (1/4);

death (1/4)
40,000 10 minutes no response (6/6) Hardy et al., 1991
80,000 10 minutes marked response (2/6)
160,000 10 minutes convulsions (1/4)
320,000 10 minutes marked response (2/3);

convulsions (1/3)

#Animals were administered an intravenous dose of epinephrine of 8 .g/kg (Mullin and Hartgrove, 1979) or
individualized doses of 2, 4 or 8 .g/kg (Hardy et al., 1991).
A marked response is considered an effect; number of animals affected/number of animalstested in parenthesis.

3.6. Genotoxicity

HFC-134a has been tested in a variety of mutagenicity and clastogenicity tests, both in vitro and in vivo.
These studies are summarized in Collins et al. (1995), ECETOC (1995), and the NRC Committee on
Toxicology/Subcommittee to Review Toxicity of Alternatives to Chlorofluorocarbons (COT/SRTAC, 1996)
and are listed here: bacterial mutation (Salmonella typhimurium, Escherichia coli, and Saccharomyces
cerevisiae) with and without metabolic activation; chromosome aberrations (human lymphocytes, Chinese
hamster lung cells, and inhalation study with the rat); micronucleus assay with the mouse (inhalation at test
concentrations of 0, 50,000, or 150,000 ppm for 6 hours or 500,000 ppm for 5 hours); dominant lethal assay
with the mouse (test concentrations of 0, 1000, 10,000, or 50,000 ppm for 6 hours/day for 5 days); and
unscheduled DNA synthesis with the rat (test concentrations of 0, 10,000, 50,000, or 100,000 ppm for 6
hours). All results were negative.

3.7. Carcinogenicity
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Groups of 20 male and 20 female Wistar-derived rats (Alpk: APfSD) were exposed to concentrations of O,
2000, 10,000, or 50,000 ppm for 6 hours/day, 5 days/week for 13 weeks (Hext, 1989; Collins et al., 1995).
Atmospheres were generated by evaporating the test compound and metering it into the air flow supply of each
exposure chamber. Samples were automatically collected and analyzed by a gas chromatograph equipped with
aflameionization detector. Half of the animalsin each group was sacrificed at the end of the exposure period
and the remaining half was sacrificed after a 4-week recovery period. Survival, clinical condition, growth, and
avariety of hematological, clinical chemistry, and urinary parameters were monitored. During the exposures
there were no treatment-related clinical signs. Statistically significant changes in afew urine, blood, and
hematological parameters and in organ weights were either not consistent with repeated sampling or dose
related; there were no histological correlates.

In asimilar study, groups of 85 male and 85 female rats were exposed to concentrations of 0, 2500, 10,000, or
50,000 ppm for 6 hours/day, 5 days/week for 104 weeks (Collins et al., 1995). Exposure conditions and
analytical measurements were the same as in the 13-week study. Ten animals from each group were sacrificed
at 52 weeks. At 52 and 104 weeks there were no effects on clinical condition, food consumption, growth,
survival, or hematological, clinical chemistry, or urinary parameters. Absolute liver weights of females were
increased in the groups exposed to 2500 and 50,000 ppm but not in the group exposed to 10,000 ppm. Males
in the groups that received 10,000 or 50,000 ppm for 104 weeks had an increased incidence of enlarged testes
(not statistically significant) and malesin the group that received 50,000 ppm for 104 weeks had a statistically
significantly increased incidence of Leydig cell hyperplasia (40 maes vs 27 in the control group) and Leydig
cell adenomas (23 males vs 9 in the control group). There was no evidence of progression to maignancy.

Groups of 60 male and 60 female Han-1bm Wistar rats were exposed nose-only to vapor concentrations of
2500, 10,000, or 50,000 ppm of production grade HFC-134afor 1 hour daily for 108 weeks (Alexander et dl .,
1995). The 1-hour treatments were used to more closely simulate daily treatments from metered dose inhalers.
There were no effects on survival, clinical signs, behavior (neurotoxicity), body weights, and hematology nor
on the type, incidence, site or severity of gross or microscopic lesions or neoplasms. There was a dose-related
increase in incidence and severity of “laryngitis’ (not described) in femalerats. In contrast to the study by
Callins et a. (1995), there were no treatment related effects on Leydig cells.

Although there was an increased incidence of testicular Leydig cell adenomasin male rats administered 50,000
ppm for 104 weeks (Collins et al., 1995), these tumors do not progress to malignancy. The lack of genotoxicity
also supports the conclusion of no carcinogenic risk for humans.

In a52-week oral gavage study with Wistar-derived rats (36 males and 36 females per group), daily
administration of 300 mg/kg in corn oil for 5 days/week did not result in an increased incidence of any type of
tumors compared with corn-oil treated and untreated groups. Rats were sacrificed after 125 weeks (L ongstaff
et al., 1984).

Groups of 60 male and 60 female B6C3F1 mice rats were exposed nose-only to vapor concentrations of 2500,
10,000, or 50,000 ppm of production grade HFC-134afor 1 hour daily for 104 weeks (Alexander et a., 1995).
The 1-hour treatments were used to more closely smulate daily treatments from metered dose inhalers. There
were no effects on survival, clinical signs, behavior (neurotoxicity), body weights, hematology nor on the type,
incidence, site or severity of gross or microscopic lesions or neoplasms.

3.8. Summary

HFC-134a has very low acute toxicity. In rats, lethal concentrations during exposure periods of 15 minutesto
4 hours ranged from >500,000 to >800,000 ppm (Collins, 1984; Silber and Kennedy, 1979a). Concentrations
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of 200,000 ppm and greater induce anesthetic-like effects (Larsen, 1966). Monkeys, dogs and mice recovered
without effects from anesthetic doses of 270,000 (mice) to 800,000 (dogs), the latter exposure lasting up to 5
hours (Shulman and Sadove, 1967).

In a subchronic study, no significant toxicological effects were observed in rats following inhalation exposure
to 50,000 ppm (Collins et al., 1995). Likewise, in achronic study with rats and exposures of 50,000 ppm, no
effects other than testicular hyperplasia and benign tumors of Leydig cells were observed on microscopic
examination (Collins et a., 1995). HFC-134awas not mutagenic or clastogenic in a variety of genetic toxicity
tests.

Results from developmental studies indicate that HFC-134a does not cause teratogenic effects in rats or rabbits
(Collins et ., 1995; Alexander et a., 1996). Fetotoxicity was observed in rats when dams were exposed to
50,000 ppm (Hodge et al., 1979). Slight materna toxicity in rabbits as indicated by lower body weight gains
compared to the control group were noted at 10,000 and 50,000 ppm (Collins et ., 1995). There was adlight
delay in physical development of F, rats following exposure of F, females to 64,400 ppm (Alexander, 1996).

HFC-134ais aweak cardiac sensitizer in the epinephrine challenge test in dogs. Epinephrine-induced cardiac
arrhythmias were observed at doses of 75,000 ppm and greater (Mullin and Hartgrove, 1979; Hardy et a.,
1991). No cardiac response was observed at <50,000 ppm.

4. SPECIAL CONSIDERATIONS
4.1. Metabolism/Disposition Considerations
4.1.1. Deposition and Elimination

Although absorption of fluorocarbons viainhaation is rapid with maximal blood concentrations reached in
about 15 minutes, uptakeislow (Azar et a., 1973; Trochimowicz et d., 1974; Mullin et al., 1979). Uptake
approaches equilibrium in less than an hour; negligible metabolism and tissue uptake take place. Blood
concentrations fall rapidly following cessation of exposure as the parent compound is exhaled basically
unchanged.

In a study designed to gather pharmacokinetic data, two healthy human volunteers were exposed to a
concentration of 4000 ppm delivered via a mouthpiece (Vinegar et a., 1997). The exposures were scheduled to
last for 30 minutes. Blood samples were collected throughout the exposures. The exposures were abruptly
terminated for safety reasons following an unexpected and uncontrollable rise in pulse rate for one subject and
drop in pulse rate and blood pressure and loss of consciousnessin the other. This vasovaga responseis
sometimes observed in individuals undergoing clinica investigations or donating blood. In the first subject the
blood concentration of HFC-134a reached 0.7 mg/L (0.7 wg/mL) at 10 minutes and in the second subject the
blood concentration reached 1.29 mg/L (1.29 ng/mL).

In the study with human subjects (Emmen and Hoogendijk, 1998; section 2.2), concentrations of the test
chemical in blood were measured at 1, 3, 5, 15, 30, and 55 minutes into the exposure and postexposure. The
mean blood concentrations in males at 55 minutes following exposures to concentrations of 1000, 2000, 4000,
and 8000 ppm were 1.02, 1.92, 3.79, and 7.22 ng/mL, respectively; respective concentrations for females were
1.02, 1.44, 3.06, and 5.92 .g/mL. Concentrations rose rapidly during the first 15 minutes of exposure and
were within 75-100% of levels measured at 55 minutes. The half-lives at the respective concentrations were
males; 10.24, 12.69, 12.26, and 9.77 minutes and females; 11.36, 14.01, 13.20, and 16.69 minutes.

Absorption of radiolabeled HFC-134a delivered by metered dose inhaers to two healthy subjects was rapid
with maximum blood concentrations of approximately 1.1 and 1.3 ng/mL attained within 30-60 seconds
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(Ventresca, 1995). The haf-life of elimination was 31 minutes. Retention in severe COPD patients was
dightly longer than in healthy subjects and was attributed to their decreased ventilatory efficiency. The
radioactivity recovered in urine was extremely low, 0.006% in healthy subjects and 0.004% in COPD patients.
Uptake and elimination were similar in healthy subjects and subjects with mild asthma (Harrison, 1996). In
another study with metered dose inhalers, blood levels of HFC-134areached 717 ng/mL (0.72 wg/mL) and
1381 ng/mL (1.38 ».g/mL) one minute after four and eight inhalations per day, respectively for 28 days. These
levels decreased to one-tenth of the original level by 18 minutes postexposure (Harrison et a., 1996).

In pregnant female rats (Sprague-Dawley and Wistar strains) exposed nose only to concentrations of 2500,
10,000, and 50,000 ppm for 1 hour, maximum mean concentrations in the blood during exposure were 3.5,
13.9, and 84.7 ng/mL, respectively (Alexander et al., 1996). The half-life was 6-7 minutes. Following
exposure of both male and female ratsto 1 hour daily for 110 weeks, blood concentrations in the 2500, 10,000,
and 50,000 ppm groups were 4.2-4.5, 16.5, and 62.3 .g/mL, respectively (Alexander et al., 1995). In male and
female Sprague-Dawley rats exposed to a 15% atmosphere for 1 hour, the blood concentration approached
equilibrium in 25 minutes (Finch et al., 1995). The half-life of elimination was <5 minutes as determined by
magnetic resonance imaging.

In the 10-minute cardiac sensitization study with dogs, exposures to concentrations of 40,000, 80,000,
160,000, and 320,000 ppm resulted in mean blood concentrations of HFC-134a of 28.7, 52.2, 79.7, and 154.6
wg/mL, respectively (Hardy et al., 1991).

4.1.2. Metabolism

The carbon-fluorine bond is relatively resistant to metabolism. In vitro studies with rabbit, rat, and human
hepatic microsomes and rat hepatocytes (Olson and Surbrook, 1991; Olson et a., 1990a, 1990b) identified the
major route of metabolism of HFC-134a as oxidation by P450 2E1 to 2,2,2,1-tetrafl uoroethanol; elimination of
hydrogen fluoride or fluoride ion yields 2,2,2-trifluoroacetal dehyde which is further oxidized to trifluoroacetic
acid. Hepatic microsome preparations from 12 human subjects differed in the rate at which HFC-134awas
metabolized. In astudy that utilized microsomes from human subjects with relatively high P-450 2E1 levels,
HFC-134awas metabolized at rates 5 to 10-fold greater than by microsomes of individuals with lower levels of
this enzyme (Surbrook and Olson, 1992).

Following delivery of 1200 mg of HFC-134a by inhalation from metered dose inhalers (16 actuations of 75
mg/inhalation; each inhalation within 30 seconds of the previous inhalation), the only fluorinated urinary
component was trifluoroacetic acid which accounted for less than 0.0005% of the dose (Monte et al., 1994).

Metabolism in the rat is qualitatively similar to that in humans. Four male and four female Wistar rats were
exposed individually to 10,000 ppm of *C-labeled HFC for one hour (Ellis et al., 1993). Atmospheres were
monitored with a gas chromatograph. After exposure, urine and feces were collected at six hour intervals up to
24 hours and every 24 hours for up to 5 days thereafter. Approximately 1% of the inhaled dose was recovered
in urine, feces, and expired air; of this 1%, approximately two-thirds was exhaled within one hour postexposure
as unchanged HFC-134a. Exhaed CO, was the primary metabolite and accounted for approximately 0.22%
and 0.27% of the inhaled dose in males and females, respectively. Excretion in the urine and feces occurred
within 24 hours and accounted for 0.09% and 0.04% of the inhaled dose, respectively. The only metabolite
identified in urine was trifluoroacetic acid. At sacrifice 5 days postexposure, radioactivity was uniformly
distributed among tissues and accounted for 0.14-0.15% of the inhaled dose. The average total metabolism in
males and females rats was 0.37% of the inhaled dose.
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4.2. Mechanism of Toxicity

At high concentrations, HFC-134a has anesthetic/narcotic properties; cardiac sensitization may also occur.
The mechanism(s) of action of these two effectsis not well understood. The anesthetic effect was fully
reversible.

Inhalation of certain hydrocarbons including some anesthetics can make the mammalian heart abnormally
sengitive to epinephrine, resulting in cardiac (ventricular) arrhythmias which in some cases can lead to sudden
death (Reinhardt et al. 1971). The mechanism of action of cardiac sensitization is not completely understood
but appears to involve a disturbance in the normal conduction of the electrical impulse through the heart,
probably by producing alocal disturbance in the electrical potential across cell membranes. The hydrocarbons
themselves do not produce arrhythmia; the arrhythmia s the result of the potentiation of endogenous
epinephrine (adrenalin) by the hydrocarbon.

Although other species have been tested, the dog is the species of choice for the mammalian cardiac
senditization model asthey are a good cardiovascular model for humans, have a large heart size, and can be
trained to calmly accept the experimental procedures (Aviado, 1994; COT/SRTAC, 1996). The cardiac
sengitization test has been evaluated by the COT/SRTAC (1996). They recommend that the male beagle dog
be used as the model in this test.

Testing for cardiac sengitization consists of establishing a background (control) response to an injection of
epinephrine followed by a second injection during exposure to the chemical of concern (Reinhardt et a., 1971).
The dose of epinephrine chosen should be the maximum dose that does not cause a serious arrhythmia
(COT/SRTAC). Because a second injection of epinephrine during air exposure often induces a mild cardiac
response, Reinhardt et a. (1971) considered only "marked" responses to the second injection of epinephrine a
significant cardiac sensitization response. Cardiac sensitization is defined as greater than five ectopic beats or
ventricular fibrillation as evident on the EKG as a response to epinephrine. Ventricular tachycardia alone is not
considered a positive response. The response to injected epinephrine lasts less than 60 seconds. Concentrations
of halocarbons that do not produce a positive response in this short-term test generally do not produce the
response when exposures are continued for 6 hours (Reinhardt et al., 1971; COT/SRTAC, 1996). This
information indicates that cardiac sensitization is a concentration-related threshold effect. Furthermore, the
exposure concentration-dependent level in the blood determines cardiac sensitization. The study by Hardy et a.
(1991) indicated that for dogs this concentration is >55 n.g/mL.

Although thistest is useful for identifying compounds capable of cardiac sensitization, the capacity to establish
an effect level islimited. Thetest isvery conservative as the levels of epinephrine administered represent an
approximate 10-fold excess over blood concentrations that would be achieved endogenoudly in dogs (Chengelis,
1997) or humans (COT/SRTAC, 1996) even in highly stressful situations. According to Mullin et al. (1979),
the epinephrine dosage of 8-10 ..g/kg/9 seconds is equivalent to 50-70 ng/kg/minute, whereas in times of stress,
the human adrenal gland secretes levels of 4-5 ng/kg/minute. In earlier studies with dogs in which aloud noise
was used to stimulate endogenous epinephrine release, arrhythmias occurred only at very high halocarbon
concentrations (80% hal ocarbon compound and 20% oxygen) for 30 seconds (Reinhardt et al., 1971). In
another study (Trochimowicz, 1997), the cardiac sensitization response was induced in exercising dogs at

hal ocarbon concentrations that were 2 to 4 times the concentrations that induced the response with the
exogenous epinephrine.

4.3. Structure-Activity Relationships

The halogenated hydrocarbons are generally of low acute toxicity, but several are associated with anesthetic
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effects and cardiac sengitization. Cardiac sensitization to hal ogenated a kanes appears to be related to the
number of chlorine or fluorine subgtitutions. Hal ogenated alkanes in which >75% of the halogens are fluorine
are of low cardiac sensitization potential compared with halogenated alkanes in which >50% of the halogens are
chlorine (Hardy et al., 1994). However, halogenation is not necessary for cardiac sensitization to occur
(Reinhardt et a., 1971).

4.4. Concentration-Exposure Duration Relationship

Insufficient data were available to establish a concentration-exposure duration relationship for asingle
endpoint. LCg, valuesfor therat at 15 minutes and 4 hours were both several hundred thousand ppm (Table
2).

Time scaling may not be relevant for halogenated hydrocarbons as blood concentrations of these chemicals do
not greatly increase as exposure time is increased beyond 15 minutes. In the study with human volunteers
exposed to HFC-134a (Emmen and Hoogendijk, 1998), the relationship between exposure concentration and
blood level appeared to be linear and at al exposure concentrations (1000, 2000, 4000, and 8000 ppm), blood
concentrations were approaching equilibrium at 55 minutes. Furthermore, cardiac sensitization appears to be a
concentration threshold phenomenon. Blood concentration which is related to exposure concentration rather
than time defines whether or not a response will occur.

5. DATA ANALYSIS AND PROPOSED AEGL-1

The AEGL-1 refers to the concentration of an airborne substance below which the general population could be
exposed without experiencing other than mild odor, taste, or other dight or mild sensory irritation, but at or
above which persons might experience notable discomfort.

5.1. Summary of Human Data Relevant to AEGL-1

No effects were reported in humans exposed to concentrations of 1000, 2000, 4000, or 8000 ppm for one hour
(Emmen and Hoogendijk, 1998). Concentrations of the test compound in blood appeared to approach
equilibrium in <55 minutes. Following direct inhalation from metered dose inhalers, no effects were observed
in either healthy subjects or patients with severe COPD (Ventresca, 1995).

5.2. Summary of Animal Data Relevant to AEGL-1

Animals were tested at much higher concentrations than those used in the human study. A concentration of
40,000 ppm was a no-effect concentration in the cardiac sensitization test with dogs (Hardy et a., 1991). No
effects were observed in rats exposed to 81,000 ppm for 4 hours (Silber and Kennedy, 1979a). Repeated
exposure of rats to a concentration of 100,000 for 6 hours/day, 5 days/week, for 2 weeks was without clinica
signs (Silber and Kennedy, 1979b); the interstitial pneumonia observed in the treated group was not observed in
other studies. Concentrations <200,000 ppm were a no-effect level for anesthetic effectsin several species
(Larsen, 1966; Shulman and Sadove, 1967).

5.3. Derivation of AEGL-1

The study with human subjects exposed to a concentration of 8000 ppm for 1 hour is the basis for the AEGL-1
values. This concentration-exposure duration was a no-effect level for irritation as well as lung and heart
parameters. Although the 1-hour concentration of 8000 ppm is a free-standing NOEL, animal studies with
several species indicate that this concentration is far below any effect level. Humans may differ in their
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sengitivity to halocarbons, but no clear intraspecies differences were evident at this low concentration or in the
study with COPD patients. Therefore, the 8000 ppm concentration was adjusted by an intraspecies
uncertainty factor of 1.

Blood concentrations of halocarbons do not increase greatly with time after 15 minutes of exposure
(COT/SRTAC) and rapidly drop following cessation of exposure; the data from the Emmen and Hoogendijk
(1998) study support this observation. The unmetabolized compound is present in blood; HFC-134ais poorly
absorbed and poorly metabolized by body tissues/organs. Because the pharmacokinetic data for humans show
that blood concentrations do not increase greatly with time after 55 minutes, no greater effects (regarding
cardiac sensitization) should be experienced at longer exposure intervals. Therefore, the 1-hour value of 8000
ppm is proposed for al AEGL-1 exposure durations (Table 5).

TABLE 5. AEGL-1 Values for HFC-134a
Time AEGL-1 Value
10 minutes 8000 ppm (34,000 mg/m®)
30 minutes 8000 ppm (34,000 mg/m®)
1 hour 8000 ppm (34,000 mg/m®)
4 hours 8000 ppm (34,000 mg/m®)
8 hours 8000 ppm (34,000 mg/m®)

~

The NOEL value of 8000 ppm is supported by results of animal studies. No effects were observed in rats
exposed to 81,100 ppm for 4 hours (Silber and Kennedy, 1979a). Adjustment by interspecies and intraspecies
uncertainty factors of 3 and 3 (10) result in an AEGL value of ~8000 ppm.

6. DATA ANALYSIS AND PROPOSED AEGL-2

The AEGL-2 refers to the concentration at or above which the general population could experience irreversible
or other serious long-lasting effects or impaired ability to escape.

6.1. Summary of Human Data Relevant to AEGL-2

No human data that address the level of effects defined by the AEGL-2 were located.

6.2. Summary of Animal Data Relevant to AEGL-2

Humans exposed to high concentrations of some halogenated hydrocarbons may develop heart arrhythmias
which are potentialy fatal. The cardiac sensitization test in dogs is an effective test for determining potential
cardiac senditization in humans. This effect is observed at concentrations well below those causing any acute
toxic signs but only in the presence of greater than physiological doses of exogenous epinephrine.

In the cardiac sensitization with dogs conducted by Hardy et al. (1991), doses of epinephrine were adjusted for

each dog to a point at which a mild response occurred in the absence of the test chemical. Thisindividualized
dose provides amore redlistic test than delivery of aflat dose to each animal. In this study, a second exogenous
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dose of epinephrine during exposure to HFC-134a did not produce cardiac sensitization (more than the mild
effect) at an exposure concentration of 40,000 ppm; cardiac sensitization (a marked response) was induced in
two of six dogs at an exposure concentration of 80,000 ppm.

6.3. Derivation of AEGL-2

Although it is an optimized, supersensitive model, the endpoint of cardiac sensgitization is relevant to human
exposures as humans exposed to high concentrations of some halocarbons develop cardiac arrhythmias. The
no-effect concentration of 40,000 ppm was accepted as the basis for the AEGL-2 values. Becausethisisa
conservative test, an intraspecies uncertainty factor of 3 was applied to protect sensitive individuals. Because
blood concentrations were close to equilibrium within 55 minutes during human exposures and concentrations
of halocarbons that do not produce a positive response in the short-term cardiac sensitization test do not
produce the response when exposures are continued for 6 hours, the value of 13,000 ppm (13,300 ppm rounded
to two significant figures) is proposed for all AEGL-2 time periods (Table 6).

TABLE 6. AEGL-2 Values for HFC-134a
Time AEGL-2 Value
10 minutes 13,000 ppm (55,250 mg/m?)
30 minutes 13,000 ppm (55,250 mg/m®)
1 hour 13,000 ppm (55,250 mg/m°)
4 hours 13,000 ppm (55,250 mg/m?)
8 hours 13,000 ppm (55,250 mg/m?)

The AEGL-2 value is supported by an animal toxicity study which produces a higher value. The threshold for
narcoss for several animal species is ~200,000 ppm (Collins, 1984; Silber and Kennedy, 1979a). The valueis
probably similar for humans. Adjustment by interspecies and intraspecies uncertainty factors of 3 each (for a
total of 10) resultsin an AEGL-2 value of 20,000 ppm.

7. DATA ANALYSIS AND PROPOSED AEGL-3

The AEGL-3 refers to the concentration at or above which death or life-threatening effects may occur.

7.1. Summary of Human Data Relevant to AEGL-3

No human data that address the level of effects defined by the AEGL -3 were located.

7.2. Summary of Animal Data Relevant to AEGL-3

Humans exposed to high concentrations of some halogenated hydrocarbons may develop heart arrhythmias
which are potentialy fatal. The cardiac sensitization test in dogs is an effective test for determining potential

cardiac senditization in humans. This effect is observed at concentrations well below those causing any acute
toxic signs but only in the presence of greater than physiological doses of exogenous epinephrine.
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In the cardiac sensitization study with dogs conducted by Hardy et a. (1991), doses of epinephrine were
adjusted for each dog to a point at which amild response occurred in the absence of the test chemical. This
individualized dose provides a more redlistic test than delivery of aflat doseto each animal. In this study, a
second exogenous dose of epinephrine during exposure to HFC-134a did not produce cardiac sensitization
(more than the mild effect) at an exposure concentration of 40,000 ppm; cardiac sensitization (a marked
response) was induced in two of six dogs at an exposure concentration of 80,000 ppm. The dose that resultsin
death could not be ascertained in this study as dogs were not tested at doses higher than those causing the
marked response. Death occurred in the Mullin and Hartgrove (1979) study at a concentration of 100,000
ppm, but doses were not individualized (the highest dose of epinephrine [8 1.g] was used for all dogs).

7.3. Derivation of AEGL-3

Although it is an optimized, supersensitive model, the endpoint of cardiac sensgitization is relevant to human
exposures as humans exposed to high concentrations of some halocarbons may develop cardiac arrhythmias.
The concentration of 80,000 ppm which induced a marked cardiac response in the dog was used as the basis for
the AEGL-2 values. Because the cardiac sensitization test is a conservative test, an intraspecies uncertainty
factor of 3 was applied to protect sensitive individuals. Because blood concentrations were close to equilibrium
within 55 minutes during human exposures and concentrations of hal ocarbons that do not produce a positive
response in the cardiac sengitization test do not produce the response when exposures are continued for 6 hours,
the value of 27,000 ppm (26,600 ppm rounded to two significant figures) is proposed for al AEGL-3 time
periods (Table 7).

TABLE 7. AEGL-3 Values for HFC-134a
Time AEGL-3 Value
10 minutes 27,000 ppm (114,750 mg/m°)
30 minutes 27,000 ppm (114,750 mg/m°)
1 hour 27,000 ppm (114,750 mg/m°)
4 hours 27,000 ppm (114,750 mg/m°)
8 hours 27,000 ppm (114,750 mg/m°)

The AEGL-3 valueis supported by another animal study which resultsin ahigher value. The highest nonlethal
concentration for the rat was a 4-hour exposure to 359,300 ppm (Silber and Kennedy, 1979a). Adjustment by
interspecies and intraspecies uncertainty factors of 3 each (for atotal of 10) resultsin an AEGL-3 value of
~36,000 ppm. Developmental studies in which exposures were repeated for 9-13 days also support this value,
i.e., no effects following daily exposures to concentrations <30,000 ppm.

8. SUMMARY OF PROPOSED AEGLs
8.1. AEGL Values and Toxicity Endpoints

In summary, the AEGL values for various levels of effects were derived using the following methods. The
AEGL -1 was based on a 1-hour no effect level of 8000 ppm in human subjects. Because effects occurred in
animal studies only at considerably higher concentrations, an intraspecies uncertainty factor of 1 was applied.
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Because blood concentrations had approximately reached equilibrium 55 minutes into the exposure and blood
concentrations determine the level of effect, the 8000 ppm concentration was used across al time periods.

The AEGL -2 was based on the threshold for cardiac sensitization using the dog model. Because thistest is
supersensitive as the response to epinephrine is optimized, the 40,000 ppm concentration was adjusted by a
single intraspecies uncertainty factor of 3 to protect sensitive individuals. Because blood concentrations rapidly
reach equilibrium and the blood concentration determines the level of effect, the 13,000 ppm value was used
across al time periods.

The AEGL-3 was based on the lowest response that induced a marked cardiac effect in the cardiac sensitization
test with the dog. This concentration of 80,000 was adjusted by a single intraspecies uncertainty factor of 3to
protect sensitive individuals. An interspecies uncertainty factor was not applied as thisis a supersensitive test.
Because blood concentrations rapidly reach equilibrium and the blood concentration determines the level of
effect, the 27,000 ppm value was used across all time periods.

The AEGL vaues are summarized in Table 8.

TABLE 8. Summary/Relationship of AEGL Values
Exposure Duration
Classification ] ]
10-Minute 30-Minute 1-Hour 4-Hour 8-Hour
AEGL-1 8000 ppm 8000 ppm 8000 ppm 8000 ppm 8000 ppm
(Nondisabling) (34,000 mg/m?) (34,000 mg/m?) (34,000 mg/m?®) (34,000 mg/m?) (34,000 mg/m?®)
AEGL-2 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm
(Disabling) (55,250 mg/m®) (55,250 mg/m®) (55,250 mg/m®) (55,250 mg/m®) (55,250 mg/m®)
AEGL-3 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm
(Lethal) (114,750 mg/m3) | (114,750 mg/m®) | (114,750 mg/m®) | (114,750 mg/m3) | (114,750 mg/m?)

8.2. Comparisons with Other Standards and Criteria

Standards and guidelines developed by other agencies are listed in Table 9. HFC-134ais arelatively new
chemical and only the American Industrial Hygiene Association (AIHA, 1991) has devel oped workplace
guidelines. The AIHA WEEL (Workplace Environmental Exposure Level) is an 8-hour time-weighed average.

For establishment of a 1-hour EEGL (Emergency Exposure Guidance Level), the COT/SRTAC (1996; Bakshi,
1998) recommended application of a single interspecies factor of 10 to the cardiac sensitization test with the
dog. Because blood concentrations of severa halocarbons rapidly reached equilibrium, the Subcommittee also
extrapolated this 10-minute test to the longer exposure duration of 1 hour. The Subcommittee proposed a 24-
hour EEGL of 1000 ppm based on the NOAEL of 10,000 ppm for fetoxicity in the study by Hodge et a.,
(1979). The 10,000 ppm concentration was adjusted by an uncertainty factor of 10 for interspecies variability.
It should be noted that the study with human subjects (Emmen and Hoogendijk, 1998) was not available to the
COT/SRTAC.

The U.S. EPA (1995) has derived a Reference Concentration (RfC) of 80 mg/m? (19 ppm) for this chemical
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based on the NOAEL of 10,000 ppm for Leydig cell hyperplasiain the rat chronic inhalation study of Collins et

al. (1995).

TABLE 9. Standards and Guidelines for HFC-134a

Agency/Organization

Exposure Concentration

ACGIH TLV-TWA Not established
ACGIH TLV-CEILING Not established
AIHA WEEL (AIHA 1991) 1000 ppm

OSHA PEL-TWA Not established
OSHA PEL-STEL Not established
NIOSH REL-TWA Not established
NIOSH STEL Not established
NIOSH IDLH Not established
1-hour EEGL (COT/SRTAC, 1996) 4000 ppm

24-hour EEGL (COT/SRTAC, 1996) 1000 ppm

ERPG-1 Not established
ERPG-2 Not established
ERPG-3 Not established
German MAK 1000 ppm

8.3. Confidence in the Proposed AEGLs

Confidence in the proposed valuesis high as the studies involved both human subjects and anima models;
covered acute, subchronic, and chronic exposure durations; and addressed systemic toxicity aswell as
neurotoxicity, reproductive and developmental effects, cardiac sensitization, genotoxicity, and carcinogenicity.
The metabolism of HFC-134ais well understood and the relationship of exposure concentration to blood

concentration (and effect) has been addressed in both the human and the rodent.

8.4. Data Deficiencies

No data deficiencies were apparent.




OCoO~NOOUITR_WNE

9. REFERENCES

AIHA (American Industrial Hygiene Association). 1991. Environmental Exposure Level Guide: 1,1,1,2-
tetrafluoroethane. AIHA, Akron, OH.

Alexander, D.J., SE. Libretto, H.J. Chevalier, T. Imamura, G. Pappritz, and J. Wilson. 1995. HFA-134a(1,1,1,2-
tetrafluoroethane): lack of oncogenicity in rodents after inhalation. Human Exper. Toxicol. 14:706-714.

Alexander, D.J., S.E. Libretto, M.J. Adams, E.W. Hughes, and M. Bannerman. 1996. HFA-134a(1,1,1,2-
tetrafluoroethane): effects of inhalation exposure upon reproductive performance, development and maturation of rats.
Human Exper. Toxicol. 15:508-517.

Aviado, D.M. 1994. Fluorine-containing organic compounds. In Patty's Industrial Hygiene and Toxicology, Fourth
Ed., Vol. Il, Part B, John Wiley & Sons, NY, pp. 1188-1220.

Azar, A., H.J. Trochimowicz, J.B. Terrill, and L.S. Mullin. 1973. Blood levels of fluorocarbon related to cardiac
sensitization. Amer. Indust. Hyg. Assoc. J. 34:102-1009.

Bakshi, K. 1998. Toxicity of alternatives to chlorofluorocarbons: HFC-134a and HCFC-123. Inhal. Toxicol. 10:963-
967.

Chengelis, C.P. 1997. Epinephrine sensitivity of the canine heart: A useful test. In R. Snyder, K.S. Bakshi, and B. M.
Wagner, Abstracts of the Workshop on Toxicity of Alternatives to Chlorofluorocarbons. Inhalat. Toxicol. 9:775-810.

Callins, M.A. 1984. HFA-134a: Acutetoxicity in ratsto tetrafluoroethane. Unpublished data from ICI Chemicals,
Central Research Laboratory, cited in ECETOC, 1995.

Callins, M.A., G.M. Rusch, F. Sato, P.M. Hext, R.-J. Millischer. 1995. 1,1,1,2-Tetrafluoroethane: Repeat exposure
inhalation toxicity in the rat, developmental toxicity in the rabbit, and genotoxicity in vitro and in vivo. Fund. Appl.
Toxicol. 25: 271-280.

COT/SRTAC (NRC Committee on Toxicology/Subcommittee to Review Toxicity of Alternativesto
Chlorofluorocarbons). 1996. Toxicity of Alternatives to Chlorofluorocarbons: HFC-134a and HCFC-123. National
Academy Press, Washington, DC.

Donnell, D., L.I. Harrison, S. Ward, N.M. Klinger, B.P. Ekholm, K.M. Cooper, I. Porietis, and J. McEwen. 1995.
Acute safety of the CFC-free propellant HFA-134a from a pressurized metered dose inhaler. Eur. J. Clin. Pharmacol.
48:473-477.

ECETOC (European Centre for Ecotoxicology and Toxicology of Chemicals). 1995. Joint assessment of commodity
chemicals no. 31: 1,1,1,2-tetrafluoroethane (HFC-134a) CAS No 811-97-2. ECETOC, 4 Avenue E. Van
Nieuwenhuyse (Bte 6) 1160 - Brussels, Belgium.

Ellis, M.K., L.A. Gowans, T. Green, and R.J.N. Tanner. 1993. Metabolic fate and disposition of 1,1,1,2-
tetrafluoroethane (HFC1344) in rat following a single exposure by inhalation. Xenaobiotica 23:719-729.

Emmen, H.H., and E.M.G. Hoogendijk. 1998. Report on an ascending dose safety study comparing HFA-134a with
CFC-12 and air, administered by whole-body exposure to healthy volunteers. MA-250B-82-306, TNO Report VV98.754,
The Netherlands Organization Nutrition and Food Research Institute, Zeist, The Netherlands.

Finch, JR., E.J. Dadey, S.L. Smith, L.I. Harrison, and G.A. Digenis. 1995. Dynamic monitoring of total-body
absorption by **F-NMR spectroscopy: one hour ventilation of HFA-134ain male and female rats. Magn. Reson. Med.
33:409-413.



OCO~NOOUIR_WNPEF

Hardy, C.J,, I.J. Sharman, and G.C. Clark. 1991. Assessment of cardiac sensitisation potential in dogs: comparison of
HFA 134aand A12. Report No. CTL/C/2521. Huntingdon Research Centre, Huntingdon, Cambridgeshire.

Hardy, C.J,, P.C. Kieran, and 1.J. Sharman. 1994. Assessment of the cardiac sensitisation potential (CSP) of arange
of halogenated alkanes. Toxicologist 14:378.

Harrison, L.I. 1996. Pharmacokinetics of HFA-134a: a preliminary report. Amer. J. Therapeut. 3:763-765.

Harrison, L.1., D. Donnell, J.L. Simmons, B.P. Ekholm, K.M. Cooper, and P.J. Wyld. 1996. Twenty-eight-day double-
blind safety study of an HFA-134ainhalation aerosol system in healthy subjects. J. Pharm. Pharmacol. 48:596-600.

Hext, P.M. 1989. 90-day inhalation toxicity study in therat. 1Cl Report No. CTL/P/2466. Central Toxicology
Laboratory, Imperial Chemical Industries, Alderley Park, Macclesfield, Cheshire, U.K. Cited in COT/SRTAC, 1996.

Hodge, M.C.E., M. Kilmartin, R.A. Riley, T.M. Weight, and J. Wilson. 1979. Arcton 134a: teratogenicity study in the
rat. ICl Report no. CTL/P/417. Central Toxicology Laboratory, Alderly Park, Macclesfield, Cheshire, U.K.

HSDB (Hazardous Substances Data Bank). 1998. MEDLARS Online Information Retrieval System, National Library
of Medicine, retrieved 1/29/98.

Larsen, E.R. 1966. 1,1,1,2-Tetrafluoroethane anaesthetic. U.S. Patent Number 3,261,748, July 19, 1966.

LMES (Lockheed Martin Energy Systems, Inc.). 1998. Material Safety Reference Sheet, Online database, retrieved
2/3/98.

Longsteff, E., M. Robinson, C. Bradbrook, J.A. Styles, and I.E.H. Purchase. 1984. Genotoxicity and carcinogenicity of
fluorocarbons: Assessment by short-term in vitro tests and chronic exposure in rats. Toxicol. Appl. Pharmacol. 72:15-
3L

Lu, M., and R. Staples. 1981. 1,1,1,2-Tetrafluoroethane (FC-134a): embryo-fetal toxicity and teratogenicity study by
inhalation in the rat. Report No. 317-81. Haskell Laboratory, Wilmington, DE. (Cited in COT/STRAC, 1996).

Monte, S.Y ., I. Ismail, D.N. Mallett, C. Matthews, and R.J.N. Tanner. The minimal metabolism of inhaled 1,1,1,2-
tetrafluoroethane to trifluoroacetic acid in man as determined by high sensitivity *°F nuclear magnetic resonance
spectroscopy of urine samples. J. Pharmaceut. Biomed. Anal. 12:1489-1493.

Mullin, L.S. and R.W. Hartgrove. 1979. Cardiac sensitization. Report No. 42-79, Haskell Laboratory, Wilmington,
DE, cited in ECETOC, 1995.

Mullin, L.S., C.F. Reinhardt, and R.E. Hemingway. 1979. Cardiac arrhythmias and blood levels associated with
inhalation of Halon 1301. Amer. Indust. Hyg. Assoc. J. 40:653-658.

Nogami-ltoh, M., I. Yakuo, D.M. Hammerbeck, R.I. Miller, and K. Takeyama. 1997. The equivalent bronchodilator
effects of salbutamol formulated in chlorofluorocarbon and hydrofluoroalkane-134a metered dose inhalers on the
histamine-induced pulmonary response in dogs. Pharmaceut. Res. 14:208-212.

Olson, M.J., C.A. Reidy, and J.T. Johnson. 1990a. Defluorination of 1,1,1,2-tetrafluoroethane (R-1344a) by rat
hepatocytes. Biochem. Biophy. Res. Comm. 166:1390-1396.

Olson, M.J., C.A. Reidy, J.T. Johnson, and T.C. Pederson. 1990b. Oxidative defluorination of 1,1,1,2-
tetrafluoroethane by rat liver microsomes. Drug Metab. Dispos. 18:992-998.

Olson, M.J. and S.E. Surbrook, Jr. 1991. Defluorination of the CFC-substitute 1,1,1,2-tetrafluoroethane: comparison
in human, rat and rabbit hepatic microsomes. Toxicol. Lett. 59:89-99.



OCO~NOOUIR_WNPEF

Ravishankara, A.R., A.A. Turnipseed, N.R. Jensen, S. Barone, M. Mills, C.J. Howard, and S. Solomon. Do
hydrofluorocarbons destroy stratospheric ozone? Science 263:71-75.

Reinhardt, C.F., A. Azar, M.E. Maxfield, P.E. Smith, and L.S. Mullin. 1971. Cardiac arrhythmias and aerosol
"sniffing." Arch. Environ. Health 22:265-279.

Riley, R.A., I.P. Bennett, 1.S. Chart, C.W. Gore, M. Robinson, and T.M. Weight. 1979. Arcton-134a: Subacute
toxicity to therat by inhalation. ICl Report No. CTL/P/463. Central Toxicology Laboratory, Alderly Park,
Macclesfield, Cheshire, U.K. (Cited in COT/SRTAC, 1996).

Rissolo, S.B., and JA. Zapp. 1967. Acute inhalation toxicity. Report No. 190-67. Haskell Laboratory Wilmington,
DE. (Cited in COT/SRTAC, 1996).

Shulman, M., and M.S. Sadove. 1967. 1,1,1,2-Tetrafluoroethane: an inhalation anesthetic agent of intermediate
potency. Anaesthesia Analgesia 46:629-633.

Silber, L.S,, and G.L. Kennedy. 1979a. Acute inhalation toxicity study of tetrafluoroethane (FC 134a). Haskell
Laboratory, Report No. 422-79, DuPont de Nemours and Company, Newark, DE, cited in ECETOC, 1995.

Silber, L.S,, and G.L. Kennedy. 1979b. Subacute inhalation toxicity of tetrafluoroethane (FC 134a). Haskell
Laboratory, Report No. 228-79, DuPont de Nemours and Company, Newark, DE, cited in ECETOC, 1995.

Surbrook, S.E., and M.J. Olson. 1992. Dominant role of cytochrome P-450 2E1 in human hepatic microsomal
oxidation of the CFC-substitute 1,1,1,2-tetrafluoroethane. Drug Metab. Dispos. 20:518-524.

Trochimowicz, H.J. 1997. Experience with the epinephrine sensitivity test for arrhythmiainduction. In R. Snyder,
K.S. Bakshi, and B. M. Wagner, Abstracts of the Workshop on Toxicity of Alternatives to Chlorofluorocarbons.
Inhalat. Toxicol. 9:775-810.

Trochimowicz, H.J., A. Azar, J.B. Terrill, and L.S. Mullin. 1974. Blood levels of fluorocarbon related to cardiac
sensitization: Part 11. Amer. Indust. Hyg. Assoc. J. 35:632-639.

U.S. EPA (U.S. Environmental Protection Agency). 1995. Reference Concentration for 1,1,2-tetrafluororethane.
Integrated Risk Information System (IRIS). http:www.epa.gov/ngispgma3Y/iris (Retrieved 12/20/99).

Ventresca, G.P. 1995. Clinical pharmacology of HFA 134a. J. Aerosol Med. 8:S35-S39.

Vinegar, A., G.W. Jepson, R.S. Cook, J.D. McCafferty, 111, and M.C. Caracco. Human inhalation of Halon 1301,
HFC-134a and HFC-227eafor collection of pharmacokinetic data. AL/OE-TR-1997-0116, Occupational and
Environmental Health Directorate, Toxicology Division, Wright-Patterson AFB, OH.

Wachramaratne, G.A. 1989a. HFC-134a: Teratogenicity Inhalation Study in the Rabbit. 1Cl Report No. CTL/P/2504.
Central Toxicology Laboratory, Alderly Park, Macclesfield, Cheshire, U.K. (Cited in COT/SRTAC, 1996).

Wachramaratne, G.A. 1989b. HFC-134a: Embryotoxicity Inhalation Study in the Rabbit. ICl Report No.
CTL/P/2380. Centra Toxicology Laboratory, Alderly Park, Macclesfield, Cheshire, U.K. (Cited in COT/SRTAC,
1996).



w N

o o1 b~

© 00

10

12
13

14
15

16
17
18
19
20

21
22
23
24
25
26

27
28

29
30
31
32
33

35

36
37

ACUTE EXPOSURE GUIDELINE LEVELS FOR
1,1,1,2-TETRAFLUOROETHANE (HFC-134a; CAS NO. 811-97-2)

AEGL-1 VALUES

10 minutes 30 minutes 1 hour 4 hours 8 hours

8000 ppm 8000 ppm 8000 ppm 8000 ppm 8000 ppm

Key Referencee Emmen, H.H., and E.M.G. Hoogendijk. 1998. Report on an ascending dose safety
study comparing HFA-134a with CFC-12 and air, administered by whole-body
exposure to healthy volunteers. MA-250B-82-306, TNO Report VV98.754, The
Netherlands Organization Nutrition and Food Research Ingtitute, Zeist, The
Netherlands.

Test Species/Strain/Number: Eight healthy adult human subjects

Exposure Route/Concentrations/Durations. Inhalation: 0, 1000, 2000, 4000, 8000 ppm for 1 hour.

Effects: No effects on tested parameters of blood pressure, heart rate, electrocardiogram (EKG)
rhythms, or lung peak expiratory flow.

Endpoint/Concentration/Rational e: The highest no-effect concentration of 8000 ppm for 1 hour
was used as the basis for the AEGL-1. This concentration is
considerably below the threshold for effectsin animal studies.
For example, anesthetic effects occur at a concentration of
~200,000 ppm.

Uncertainty Factors/Rationale:
Total uncertainty factor: 1
Interspecies:.  Not applicable, human subjects used.
Intraspecies: 1 - Thiswas ano-effect level for eight healthy individuals. At these low
exposure concentrations, there was no indication of differences in sensitivity
among the subjects.

Modifying Factor: Not applied.

Animal to Human Dosimetric Adjustment: Not applied, human subjects used.

Time Scaling:  Not applied. Effects such as cardiac sensitization have been correlated with blood
concentrations. Several studies have shown that blood concentrations of halocarbons
do not increase greatly with time after 15 minutes of exposure. The key study showed
that at each exposure concentration, blood concentrations were approaching
equilibrium after 55 minutes of exposure. Therefore, susceptibility to effects are
predicted to remain the same as exposure time increases beyond 1 hour.

Confidence and Support for AEGL-Values: The study was well conducted and documented.
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AEGL-2 VALUES

10 minutes 30 minutes 1 hour 4 hours 8 hours

13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm 13,000 ppm

Key Reference: Hardy, C.J., 1.J. Sharman, and G.C. Clark. 1991. Assessment of cardiac sensitisation
potential in dogs: comparison of HFA 134aand A12. Report No CTL/C/2521,
Huntingdon Research Centre, Cambridgeshire, U.K.

Test Species/Strain/Sex/Number: Male beagle dogs, six total.

Exposure Route/Concentrations/Durations. Inhalation: 40,000, 80,000, 160,000, or 320,000 ppm for
ten minutes (the cardiac sengitization test is a 10-minute exposure test). Thetest is based on the
principal that halocarbons make the mammalian heart abnormally sensitive to epinephrine. Epinephrine
isadministered prior to and during test exposures at doses that are up to 10 times higher than levels
secreted by the human adrena gland in time of stress. Doses of epinephrine were adjusted for each
individual dog so that administration without the test chemical produced a threshold response.

Effects:. Concentration (ppm) Response
40,000 no response
80,000 marked response (2/6)
160,000 convulsions (1/4)
320,000 marked response (2/3); convulsions (1/3)

A marked response is considered an effect; number of dogs affected/number of dogs tested in
parenthesis. Dogs that responded at one concentration were not tested at higher concentrations.

Endpoint/Concentration/Rational e: The no-effect concentration of 40,000 ppm was chosen as the
basis for the AEGL -2 because the next higher concentration of
80,000 ppm produced a serious effect.

Uncertainty Factors/Rationale:
Total uncertainty factor: 3
Interspecies: 1 - The cardiac sensitization model with the dog heart is considered a good
model for humans.
Intraspecies: 3 - Thetest is optimized; thereis abuilt in safety factor because of the greater
than physiological dose of epinephrine administered. 1n addition, thereisno
dataindicating individua differences in sengtivity.

Modifying Factor: Not applied.

Animal to Human Dosimetric Adjustment: Not applied. As noted, the cardiac sensitization model with the dog
heart is considered a good model for humans.

Time Scaling:  Not applied. Cardiac sensitization is an exposure and blood concentration related threshold
effect. Several studies have shown that blood concentrations of halocarbons do not increase
greatly with time after 15-55 minutes of exposure and exposure duration did not influence the
concentration at which the effect occurred.

Confidence and Support for AEGL Values: The study was well conducted and documented. Other effectsin
animal studies occurred at much higher concentrations or with repeated exposures; the latter are not relevant
for setting short-term exposures.
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AEGL-3 VALUES

10 minutes 30 minutes 1 hour 4 hours 8 hours

27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm 27,000 ppm

Key Reference: Hardy, C.J., 1.J. Sharman, and G.C. Clark. 1991. Assessment of cardiac sensitisation
potential in dogs: comparison of HFA 134aand A12. Report No CTL/C/2521,
Huntingdon Research Centre, Cambridgeshire, U.K.

Test Species/Strain/Sex/Number: Male beagle dogs, six total.

Exposure Route/Concentrations/Durations. Inhalation: 40,000, 80,000, 160,000, or 320,000 ppm for
ten minutes (the cardiac sengitization test is a 10-minute exposure test). Thetest is based on the
principal that halocarbons make the mammalian heart abnormally sensitive to epinephrine. Epinephrine
isadministered prior to and during test exposures at doses that are up to 10 times higher than levels
secreted by the human adrena gland in time of stress. Doses of epinephrine were adjusted for each
individual dog so that administration without the test chemical produced a threshold response.

Effects:. Concentration (ppm) Response
40,000 no response
80,000 marked response (2/6)
160,000 convulsions (1/4)
320,000 marked response (2/3); convulsions (1/3)

A marked response is considered an effect; number of dogs affected/number of dogs tested in
parenthesis. Dogs that responded at one concentration were not tested at higher concentrations.

Endpoint/Concentration/Rational e: The concentration of 80,000 ppm was chosen as the basis for
the AEGL-2 because it produced a serious, life-threatening
cardiac arrhythmiain two of six dogs. No dogs died at this or
the two higher concentration although one of four dogs
suffered convulsions at 160,000 ppm and one of three dogs
suffered convulsions at 320,000 ppm. The latter tests were
discontinued.

Uncertainty Factors/Rationale:
Total uncertainty factor: 3
Interspecies: 1 - The cardiac sensitization model with the dog heart is considered a good
model for humans.
Intraspecies: 3 - Thetest is optimized; thereis abuilt in safety factor because of the greater
than physiological dose of epinephrine administered. 1n addition, thereisno
dataindicating individua differences in sengtivity.

Modifying Factor: Not applied.

Animal to Human Dosimetric Adjustment: Not applied. As noted, the cardiac sensitization model with
the dog heart is considered a good model for humans.

Time Scaling:  Not applied. Cardiac sensitization is an exposure and blood concentration related
threshold effect. Severa studies have shown that blood concentrations of halocarbons
do not increase greatly with time after 15-55 minutes of exposure and exposure
duration did not influence the concentration at which the effect occurred.
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Confidence and Support for AEGL Vaues: The study was well conducted and documented.
Other effectsin animal studies occurred at much higher concentrations or with repeated exposures; the
latter are not relevant for setting short-term exposures.




